The alkaline seepage site hydrothermal mound scenario of Russell et al is expanded to include rock-magnetism for enabling self-assembly of super-paramagnetic greigite clusters within FeS gel-membranes via thermomagnetic convection. Suggested nucleation of membranes by framboidal sacs (Russell et al 1989) ; possibility of nano-framboids (Sawlowicz 1993); observed nested icosahedral forms of framboidal greigite; internal structure formation in non-ideal ferrofluids; field-assisted nano-crystal assembly; and convection aided phyllotactic patterns naturally lead to the idea of membrane-embedded, dynamically ordered framboid-like magnetic assemblies. A predecessor scenario of molecular motors; pre-RNA world a la CairnsSmith; and optical polarity follow logically from the plausibility of thermal-gradient driven propulsion of tiny clusters through cluster layers. Further possibilities via magnetism -primordial multicellularity to adaptive learning in nested structuresuncover a role for magnetism in the origin of life. The potential of ferromagnetism plus possible ferroelectricity in multi-faceted iron-sulphide phases are explored for enabling quantum coherent searches.
Introduction and background
Life's relation to order inspired conjectures of mineral crystals as having helped bring about it's origins decades ago (Bernal 1949; Goldschmidt 1952 ). These were reinforced by the likes of Cairns-Smith (1982) and Degens et al (1970) , and have continued to guide investigations on these lines Hall, 1997, 2006; Arrhenius 2003; Ferris 2005 ). The present review attempts to extend this picture of crystalline order to the colloidal limit (the soft boundary demarcating the solid and liquid states). This is motivated by the possibility of a dynamic assembly, in view of advances in our current understanding of phase transitions in condensed matter physics (Manoharan et al 2003; reviewed in Yethiraj 2007) . Further, as iron-sulphide (FeS) clusters in early evolved enzymes (and across species in a range of crucial roles, e.g. catalytic, electron transfer, structural), have been linked with exhalates on the Hadean ocean floor, based on the close resemblance of these clusters with greigite (Russell et al 1994; Huber and Wächtershäuser 1997) , this paper collects information in the specific context of the FeS clusters and ideas centered around them. Indeed, a colloidal environment forms the basis of the proposal of Russell et al (1994) who envisage life as having emerged in moderate temperature hydrothermal systems, such as mild alkaline seepage springs. Water percolating down through cracks in the hot ocean crusts reacted exothermically with ferrous iron minerals, and returned in convective updrafts infused with H 2 , NH 3 , HCOO − , HS − , CH bearing ocean waters (pH ∼ 5.5 ≤ 20
• C) (Russell and Arndt 2005) . The interface, comprising (mainly) precipitating barriers of FeS gel membranes controlled this meeting, as they enclosed bubbles entrapping the alkaline exhalate : an aggregate growing by hydrodynamic inflation. The forced entry of buoyant seeps may have led to chimney-like protrusions. Theoretical studies by Russell and Hall (2006) show the potential of the alkaline hydrothermal solution (expected to flow for at least 30,000 years) for dissolving sulfhydryl ions from sulfides in the ocean crust. The reaction of these with ferrous iron in the acidulous Hadean ocean (derived from very hot springs, Russell and Hall 2006 ) is seen as having drawn a secondary ocean current with the Fe 2+ toward the alkaline spring as a result of entrainment (Martin et al 2008) . Hence at the growing front of the mound, the production of daughter bubbles by budding, would have been sustained by a constant supply of newly precipitated FeS. Like cells, these mini FeS compartments protected and concentrated the spectrum of energy-rich molecules, borne out by harnessing important gradients across the mound (a true far-from equilibrium system, driven by energy released from geodynamic sources) : redox, pH and thermal gradients for electron transfers, primitive metabolism, and directed diffusion, respectively (Russell and Arndt 2005) . See also Rickard and Luther (2007) for an analysis of the reducing power of FeS for synthesizing organics in this proposed scenario.
Note that fluids in alkaline hydrothermal environments contain very little hydrogen sulphide. So the entry of bisulphide, likely to have been carried in alkaline solution on occasions where the solution met sulphides at depth (Russell and Hall, in press), was controlled; this was perhaps important for a gradual build-up of scale-free clusters leading to the envisaged gel-environment. (As pointed out by Sawlowicz (see below) colloids often form more readily in dilute solutions -suspension as a sol-than in concentrated ones where heavy precipitates are likely to form). Experimental simulations of mound conditions using calculated concentrations of ferrous iron and sulphide (20mmoles of each) resulted in the formation of a simple membrane. Using solutions with five to twenty-fold greater concentrations (to make up for their build-up in geological time) generated compartmentalized structures, shown in Fig.1a where the chambers and walls are ∼ 20 and 5 µ, respectively. These have remarkable similarities to porous ones in retrieved Irish orebodies, shown in Fig.1b , which had originally inspired the idea that the first compartments involved in the emergence of life were of comparable structure (see Russell and Hall 1997; Russell 2007 ). In fact, even submarine mounds seen today are invariably porous (Marteinsson et al. 2001 ; Kelley et al. 2005) . Also, the sulphide comprising what is now pyrite (FeS 2 ) in the 350 million year old submarine Irish deposits (Fig.1b) was derived through bacterial sulfate reduction in somewhat alkaline and saline seawater while the iron was contributed by exhaling acidic hydothermal solutions. On mixing, mackinawite (Fe(Ni)S) and greigite (Fe 5 NiS 8 ) would have precipitated to form inorganic membranes at the interface (Russell et al. 1994 ; Russell and Hall 1997). Fig.1 shows laboratory simulated FeS compartments; the chambers and walls are ∼ 20 and 5 µ, respectively. The amorphous precipitate turned out to be weakly magnetic and acid soluble (Russell et al 1989; Russell 1986 ). According to , the permeable membranes likely comprise (ferredoxinlike) greigite and mackinawite, and whose metal and sulphide layers work for and against e − conduction, respectively. An insight into this calls for a brief outline of iron sulphide transformations under wet and moderate temperature conditions. Amorphous mackinawite(F eS (am) ) is the first FeS phase formed from aqueous S(-II) and Fe(II) at ambient temperatures, apparently via two competing pathways governing the relative proportions of the two end-member phase mixture. The long-range ordered phase with bigger crystalline domain size and more compact lattice, increases at the cost of sheet-like precipitated aqueous FeS clusters (Wolthers et al. 2003) . Note that an FeS cluster can display two properties: 1) it can be regarded as a multinuclear complex (where instead of a central atom, as in a complex, a system of bonds connects each atom directly to its neighbours in the polyhedron); and 2) as an embryo since it can develop to form the nucleus of the first condensed phase (Rickard and Morse 2005) . The formation of the latter gets initiated by statistical fluctuations in the density of the initial parent phase (e.g. due to supersaturation) and it's growth is favoured by the difference in chemical potentials between the parent and the new phase. Reviewing aqueous FeS clusters in water environments, Rickard and Morse (2005) suggested the enhanced stability of some stoichiometries-stable magic number clusters-from among the apparent continuum of stoichiometries of aqueous FeS clusters. This ranges from Fe 2 S 2 to Fe 150 S 150 , where the first condensed phase (FeS m , mackinawite) appears, with a size and volume of 2 nm and 10 nm 3 , respectively. Although molecular Fe 2 S 2 is similar in structure to crystalline mackinawite, the Fe-Fe bond lengths and Fe-S-Fe bond angles are seen to approach those of crystalline mackinawite, in tandem with increased size of molecular FeS clusters. The decrease in degree of softness, or water loss, can be gauged from the relative density increase over the smallest Fe 2 S 2 cluster (≥ 10 6 ), as the structure of hydrated clusters is believed to determine that of the first condensed phase. X-ray diffraction of the first nano-precipitate shows a lattice expanded) tetragonal mackinawite structure. That the data fit well with other independent estimates is ascribed to the plate-like form of FeS m . The quick transformation of disordered mackinawite to the ordered form is followed by solid state transformation to the more stable but structurally congruent greigite, with a 12 percent decrease in volume, involving a rearrangement of Fe atoms in a closepacked, cubic array of S atoms. (In bio-mineralized crystals too, selected-area electron diffraction patterns show the two minerals oriented relative to one another with (011) m //(222) g and [110] m // [100] g , embedded in a continuous sulphur-substructure across the interfaces (Posfai et al. 1998) ). Further, trace amounts of aldehydes are believed to bind to the F eS (am) surface, initiating Fe(II) oxidation (S( -II) unaffected) ; they also prevent the dissolution reaction, F eS (am) to F eS (aq) (aqueous FeS complex), crucial for pyrite formation (in absence of aldehyde, S(-II) oxidised, Fe(II) unchanged), thus assisting in greigite formation at the cost of pyrite (perhaps as in bacteria) (Rickard et al. 2001) . Such a solid-state transformation of amorphous mackinawite to greigite can be extended to FeS clusters - Rickard and Luther (2007) suggest the possibility of organic ligands stabilizing aqueous Fe(III)-bearing sulphide clusters, as seen in similar (greigite-like) cubane forms in FeS proteins. Importantly, FeS membranes formed in the laboratory show a 20-40 fold increased durability on adding abiogenic organics. Diffusion controlled reactions would slow down with thickening of aging membranes (Russell et al. 1994 ).
Greigite formation in FeS membranes

The FeS Gel environment and framboids
The possibility of gel-sol phase transitions underlying the dichotomy of the cell led to the suggestion of Life as having emerged in a hydrogel environment Russell et al. (1994) , citing Kopelman (1989) , gels lie between liquid and solid states with self-similar clusters, fractal on all scales (permitting diffusion control in heterogenous reactions, ubiquitous in biosystems). They suggested (Russell et al 1989 (Russell et al , 1990 ) the nucleation of the FeS gel bubbles by iron sulphide : in vitro simulations of iron sulphide chimneys demonstrated formation of macroscopic spherical shells 1 to 20 mm across, while on a microscopic scale spherical, ordered aggregates of framboidal pyrite about 5 micro meter in diameter were found in fossil hydrothermal chimneys (see Figure 2 ; Boyce et al. 1983; Boyce 1990; Larter et al. 1983 ) that seemed to have grown inorganically from the spherical shells of FeS gel. These framboidal sacks of periodic arrays within the extensive reactive surfaces per unit volume of the chimneys, offered ideal experimental culture chambers and flow reactors well poised for origin-of-life experiments (Russell et al 1990) . Indeed, framboids (see Appendix-I) have long been recognized for their fascinating features, prompting speculations on their possible role in the origin of life. A detailed proposal from Sawlowicz (2000) noted the biopotential of constituent microcrystal surfaces, presence of catalytic metals, fractal structures, to name some. Based on extensive observational evidences, he argued for the necessity of gels and colloids for framboid formation (see below), emphasizing the importance of dilute solutions for colloid formation. Their mobility between solid-liquid phases was seen as a key enabling feature : permitting diffusion control for high supersaturation levels needed for iron sulphide nucleation (vs hard crystal growth); it also facilitated an interplay of attractive-repulsive forces crucial for framboid assembly. Sawlowicz pointed out that decreasing solubility by changing pH and/or temperature could bring about supersaturation (realizable via gradients across the mound). 
(Trevors and Pollack 2005). Now as noted by
Fractal framboids and phyllotactic texture
In the following we shall look closely at the dynamic assembly aspect of framboid formation, i.e. nucleation of clusters followed by growth of individual nuclei into microcrystals, ordered into the raspberry-patterns inspiring their nomenclature. As noted by Sawlowicz (2000) , the framboidal texture is seen in a number of different minerals other than pyrite, i.e. copper and zinc sulphides, greigite, magnetite, magnesioferrite, hematite, goethite, garnet, dolomite, opal, and even in phosphoric derivatives of allophane. This suggests a similar mechanism of formation, despite the structural differences. Studying their presence in sedimentary environments, Sawlowicz (1993) found framboids to be hierarchially structured over three size-scales: microframboids, to framboids, to polyframboids. The formation of microframboids was considered on the basis of (1) occurrence of granule-sized framboids building standard-sized ones; (2) particle aggregates ≤ 0.1µm in bacteria; (3) hollow microgranules like annular framboids; (4) the transformation of spherules into euhedral crys-tals, coexisting with corresponding framboids of all sizes; (5) similarities between grain forms building framboids and polyframboids. And since spheroidal microframboids are formed of equant nanocrystals, Sawlowicz (1993 Sawlowicz ( , 2000 suggested the formation of nano-framboids, comprising microcluster aggregations (∼ 100atoms), by analogy with the 3-scale framboidal hierarchy. From these observations, Sawlowicz proposed a formation mechanism by which the original super-saturated gel-droplet would undergo subsequent divisions into immiscible smaller droplets, where further subdivisions would depend on its initial size, plus concentration of iron, stabilization of gel (eg. by organic matter) and effect on its viscosity, activity of sulphur species, etc. (Note the key role of the colloid-gel phase leading to the fractal forms). Interestingly, exclusion of organic compounds were found to lead to simple framboids via an aggregation mechanism while experiments with organic substance stabilized gel-droplets, framboids formed by particulation. This route is seen as important for generating the fractal complexity. The narrow distribution of sizes and uniform growth of thousands of crystals in framboids within a short time interval was attributed to a regulated balance between rates of nucleation and of crystal growth, as in the La Mer and Dinegar model (1950) . Increasing solution concentration provokes condensation of small polyanions leading to macromolecules that by aggregation and further condensation lead to sol particles. Significantly, the formation of perfectly spherical clusters was found to be dependent on the extent of motional freedom of primary particles. Sawlowicz further observed (see also Wang and Morse (1996) ) that with increasing supersaturation of the parent solution pyrite crystal morphology changed from cube, to octahedron, to spherule. Also the D/d ratio (D and d being diameter of framboid and constituent microcrystal, respectively) varies inversely with the size of primary droplets and their iron concentration (see Farrand (1970) and Kizilshtein and Minaeva (1972) ), between 5:1 and 30:1. Furthermore, the nucleation of a supersaturated solution by the first-formed crystal triggers the separation of many crystals of the same size. This liquid-solid-like phase transition is dependent on packing considerations of hard-sphere-like microcrystals, whose ordering is an outcome of the interplay of close-packing and repulsive forces (see Oxtoby (1990) and Taylor (1982)).
A characteristic pattern of icosahedral framboids (see Appendix I) -octahedral microcrystals, large D/d ratio -has been attributed to a high initial nucleation rate and low growth rate of microcrystals (Ohfuji and Akai 2002; Ohfuji and Rickard 2005) . According to Sawlowicz, the interplay of surfaceminimizing forces (e.g. surface-tension, limited space, magnetic, etc.) with repulsive interactions (e.g. steric) lead to close-packed framboids (tending to polyhedrons) -a ramification of anastrophic supramolecular organization with its far-from-equilibrium conditions (see Nicolis and Prigogine (1977) ; Kauffman (1993) ). Sure enough, the framboid morphology is strongly remniscent of the ubiquitous phenomena of Phyllotaxis, from subnano to cosmological scales (see Appendix II), and regarded as a dynamical self-organizing process.
Very significantly, the role of convection in generating phyllotactic patterns has been pointed out (Selvam 1998 ; Lofthouse (arXiv:physics/0411169v1)), showing the importance of directed forces on assembling elements (that enhance their motional energy). These patterns are produced when the sequential accretion/deposition or appearance/growth of elements, is governed by an energy-minimized optimization of the main opposing forces : largest available space vs repulsive interactions (see Appendix II).
Magnetic interactions
Magnetic interactions turned out to have an overwhelming influence when Wilkin and Barnes (1997) included them in the standard DLVO treatment for interacting colloidal particles that considers attractive van der Waals and double-layer repulsive interactions, for modeling framboidal pyrite formation. This is based on the alignment of precursor greigite, under the influence of the weak geo-magnetic field that would help overcome the thermal energy of particles above a critical size. Ferrimagnetic greigite has a maximum or saturation magnetization value M sat at 298K ranging between 110 and 130 kA/m. On the basis of microscopic observations by Hoffmann of natural greigite crystals, < µ meter -sized greigite can be roughly taken as single-domain particles. Assuming a spherical geometry, the critical grain diameter of constituent crystallites comprising the framboid interior d c = 2a, where a > 1, is given by
Here k B is Boltzmann's constant and µ 0 the permeability of vacuum. When aligned parallel to weak geomagnetic field (∼ 70 µT), d c = 0.1 µm. Although framboids can form in varied environments (see Sawlowicz) , this magnetic greigite-precursor mechanism operates only upto temperatures of 200
• C (Wilkin and Barnes, 1997), eg. sediments in natural waters. , binary systems Co and F e 3 O 4 nanoparticles of 7.5 and 18.0nm, respectively (Cheon et al 2006) . Note that coatings help prevent attractive interactions other than magnetic dipolar ones and in tuning inter-particle contact distances (Lalatonne et al 2004) . Clustering patterns can be controlled by an external field and although strong anisotropy of dipolar forces and preference for head-tail arrangement lead to tendency for chain-like forms, other superstructures are possible (Ahniyaz et al 2007 + ref) . Despite a different scenario of an evaporation-driven self-assembly in most of these studies, one can appreciate that apart from field-strength, the properties of nanocrystallites (geometry, susceptibility, coatings, etc) are important criteria for clustering patterns. In fact, in a study more relevant to the mound scenario, a magnetic field assisted assembly under hydrothermal conditions has been demonstrated : chain-like structures > 10 magnetite nanoparticles, average size 80nm under hydrothermal conditions, 200
Nano-crystallites: H-field control
• C, formed under a 0.18T external magnetic field (Wu et al 2005).
Ferrofluids: Ideal and Non-ideal
A closely related area to the above is that of ferrofluids: colloidal suspensions of single-domain magnetic nanoparticles (∼ 10nm) in aqueous/non-aqueous carriers. These can be controlled by moderate H-fields (∼ tens of milliTesla) (Odenbach 2006 ) and in the presence of an added thermal gradient can undergo thermo-magnetic convection (TMC); for details, see Sect. 2.2. Further, these synthetic particles have coatings for stabilizing the dispersions and although dilute ferrofluids can be observed to obey Langevin equation, the interparticle interactions become prominent on increasing particle concentrations leading to non-ideal behaviour. In contrast to the H-field controlled assembly of super-paramagnetic nanocrystallites (see above Sect. 1.5), structure formation in non-ideal ferrofluids, reviewed in Sect. 2.4, manifest in dense phases-a milder phase transition than to the solid-crystalline one.
Background summary and paper outline
To recapitulate, in Sects. 1.1-1.3 we studied two essential stages of framboid formation: multiple nuclei followed by growth of each into a crystal, where the phyllotactic framboidal patterns reflect a dynamic order brought about by energy dissipation-interplay of surface-minimizing forces (e.g. surfacetension, limited space, magnetic, etc.) and repulsive interactions (e.g. steric). Next, recall the significance of the colloid environment for framboid formation (Sawlowicz, 2000) and suggested nucleation of chimneys by iron sulphide, based on observations of framboids in chimneys (Russell et al 1989 (Russell et al , 1990 ). The observed scale-free framboids forming via particulation mechanism, could be explained by dynamically packed nuclei, and growth of each into crystals of different sizes (Sawlowicz 1993; . Here, each nucleus, could by itself be a stable composite of dynamically packed nuclei. Also recall that the nuclei of the first condensed phase arise from developing soft aqueous FeS clustersnanoparticles that have a wide ranging stoichiometry. This can be seen from the structural parameters that approach that of crystalline mackinawite, with increase in cluster size (Sect.1.1). Note that the proposal of nucleation of FeS membranes by iron sulphide, further adds to the mound scenario, the crucial ordering and structural aspects of minerals, whose relevance to biology were pointed out several decades ago (see Sect.1).
With this background, consider the following scenarios. In the 'mound', the presence of a thermal gradient alone would lead to heat transfer across the distribution of hydrated clusters and assist their alignment by breaking bonds, permitting motional freedom and re-associations. Recall that elimination of interfacial water and crystallographic-coherent alignment of coalescing clusters (steps towards nucleation and growth) underlie the close matching between structure and bonding in clusters, and their crystalline counterparts (Navrotsky 2004). Water loss not only leads to a rigid network (aging of gels), but also increased intra-cluster bonds lead to increased molecular size, ushering in the solid-state (rigid order). In this manner transformation of nuclei into crystals would lead to predicted framboid formation. (In fact, even crystals packed in framboids are still far from more stable forms, e.g. euhedral crystals (see Sawlowicz 1993) ). An alternative, more interesting, scenario is provided by the presence of a magnetic field in the mound, which would pre-empt the second stage of composite crystal formation, as above, and instead drive lifelike dynamics in magnetically confined clusters (much as in a tokomak). For, instead of water loss from FeS clusters in the face of pumped in heat, and formation of the nucleus of the condensed phase, the continued influx of heat energy would be harnessed to aid the magnetic accretion of soft clusters. Instead of tiny clusters aligning on the surfaces of developing nuclei, leading to growth of a composite of crystals (second stage of framboid formation), the temperature gradient would direct the diffusion and alignment of tiny clusters through intra-cluster layers (IC-Ls) of the assembly as a whole.
At this stage one might wonder how Nature could have executed such a feat on a transitory stage of dynamically ordered clusters. And even raise the question of whether the idea of an intervening magnetic field for 'reining in' the temperature gradient and 'jump starting' Life, is purely speculative. To address this issue let us briefly go over what we have in terms of pure scientific knowledge. To start with we understand that most of biology is concerned with the challenging area of soft condensed matter systems-structured phases intermediate between simple liquids and hard solids-where self-assembly forms an important feature. Similarity to the solid phase can be seen in long relaxation times that are associated with broken symmetries (translational, orientational). Similarity to the liquid phase is manifest in the dynamical nature of soft matter assemblies (as compared to rigid crystalline lattices), e.g. the To glean information on soft intermediate structured phases that could be controlled by magnetic interactions-the subject of 'speculation' (?)-one needs a plausible ansatz, against the following background: The framboidal texture that is displayed in various minerals (Sect.1.3), shows the importance of packing constraints (independent of molecular context), as distinguished from structural aspects of interparticle interactions that depend upon the specific molecular properties. The non-specificity of interactions (chemical, structural) between particles that are brought close together due to some kind of compression force acting on such a finite group of constituents, is further evidenced in the importance of the colloid environment for framboid formation. As stressed by Sawlowicz (2000) , colloid aggregation is a universal process, independent of chemical details of the particular colloid system but dependent on the physical conditions, such as rate of supersaturation and viscosity. Also, recall that in the particulation mechanism, implied in scale-free framboidal forms, organics have an important role in stabilizing gel droplets (Sawlowicz 1993) . A highly relevant investigation in this regard, is the study, by Manoharan et al (2003) , of the packing of small numbers of colloidal polystyrene microspheres on the surfaces of liquid emulsion droplets by fluid removal: In contrast to an infinite system (infinite spheres) where packing optimization is characterized by the bulk density, a finite system has other options for energy optimization, such as surface area. In self-assembly, the free energyminimization subject to convexity-constraint can be assisted by asymmetrical alignment forces (due to geometry of molecules); capillary forces (evaporationdriven assembly at the interface of two solvents in an emulsion), etc. Similarly, magnetic dipolar forces (arising in weak geo-magnetic fields) have been identified amongst those playing a role in generating the spheroidal framboidal forms. In the context of the 'transitory' stage of dynamically packed clusters, the ansatz (see above) is that the role of surface compression force is being played by magnetic dipolar forces, acting on super-paramagnetic clusters due to a moderate local field. For a qualitative assessment of the possible magnitude of magnetic forces in this scenario, while Sect. 1.5 provides an overview of various demonstrations of field-assisted nano-crystal assemblies, including one under hydrothermal conditions; the Wilkin and Barnes study (Sect. 1.4) gives a rather specific correlation between d c and magnetic field strength for a framboidal greigite intermediary. Using their analysis one can infer that the order of magnitude for (super-paramagnetic) particles (10nm) would be 1000 fold higher. Also this harmonizes with the picture for ferrofluids in general, viz., about 10 mT are required (Odenbach 2004 , Sect. 1.6). The description of super-paramagnetic greigite ≤ 30-50 nm (Hoffmann 1992), and also the fact that under mound conditions, where pH is well above 3, greigite clusters are expected to be negatively charged (see Wilkin and Barnes 1997) fits in with that of aqueous ferrofluids (Sects. 1.6 and 2.2). Of course the greigite clusters would lack the (steric-stabilization) coating of their synthetic counter-parts; this would lead to non-ideal behaviour (magnetic dipole forces: attractive but without structural specificities) even under dilute conditions. The 'compressing effect' of inter-particle dipole interactions would also be assisted by the 'screening effect' of natural waters (high ionic strength) on repulsive negative charge interactions (see Phenrat et al (2007) for related studies).
Now the presence of a magnetic-field in the mound, with an existing temperaturegradient across, seems to have all the ingredients in place for a natural TMC scenario of super-paramagnetic nano-particles (Sect. 1.6). And an active involvement of TMC is further indicated by 1) general observations of directed forces like convection having an important role in self-assembly (Sect. 1.3, Appendix-II, Redl et al 2003), viz., in admitting an optimized interplay of forces (at a global, not just local, level); and 2) the importance of motional freedom (Sawlowicz 2000 ; Sect. 1.3) for the particulation mechanism-in the specific context of framboid-formation. So we shall check for the feasibility of TMC (in the mound), that could have effectively aided the envisaged interplay of opposing forces: induced magnetic dipole interactions plus Van der Waals vs steric plus negative charge on nucleating clusters (under mound conditions). For a 'local' magnetic field due to magnetic rocks (with moderate H-field strength) could have helped harness the thermal gradient across the mound via dynamical accretion of greigite clusters in the supersaturated aqueous phase, leading to a 'bottom-top' assembly at nano-scales. But at this stage it is premature to ask how far TMC can be sustained in such a scenario. For logically magneto-viscous effects would have a negative impact; studies of non-ideal ferrofluids (Sects. 1.6, 2.4), show the altered rheological properties as a consequence of magnetic structure formation. Nevertheless, a surface minimized assembly would be in place (that would have been assisted by TMC). The opposing gradients of magnetic susceptibility and temparature would continue to fight each other: due to the thermal gradient (see Baaske et al (2007) for thermal-gradient driven diffusion of molecules in hydrothermal pore systems) clusters would be pushed through the assemblies (probability inversely proportional to size) even as the former force would attract the assemblies and maintain them in the face of the disruptive forces. Therefore, migration of tiny clusters through these away-from-equilibrium assemblies is a conservative expectation. This picture forms the basis of the envisaged processes in the rest of this paper. For example molecular motors would be based on this scenario for which there are no direct experimental evidences/signatures. Nonetheless, we discuss it's plausibility in Sect. 3, where a primary defense for this scenario is a remarkable similarity to biological phenomena. However, to make writing easier we shall describe it as though it actually occurred in this manner, i.e. whenever we address the Ancestor. The paper is outlined as follows: 1) We examine the chances of a local magnetic field as well as directed motional forces in the 'mound' (Russell et al 1994) which would have enabled the installation of dynamical nano-scale assemblies of greigite clusters, thus nucleating the FeS membranes (Sect.2).
2) Directed diffusion of small clusters through intra-cluster layers (I-CLs) of the dynamic assemblies are seen vis-a-vis bio-phenomena like budding, premolecular motors, pre-RNA world, and optical polarity (Sect.3).
3) Relevance of ferromagnetism in biology, especially quantum processing in a magnetically ordered Ancestor, reveal a possible role for magnetism in the origin of life (Sect.4). In the light of ferroelectric effects in present day biology (Tuszynski et al 1995; Mavromatos et al 1998), we also check the status of ferroelectric effects at the Ancestor level.
Controlled assembly tuned to external fields
We check for the feasibility of two ingredients: local moderate magnetic field in the mound (Sect. 2.1) and thermomagnetic convection as a directed force (Sect. 2.2). We check it's plausibility in the mound scenario for propelling newly forming colloidal greigite clusters (Sect. 2.3). In Sect. 2.4 we briefly review correlation phenomena in ferrofluids (deviations from ideal monodisperse ferrofluid behaviour), with possible implications for the nucleation stage in framboid formation-the basis, apart from observations, for the proposed framboid-like assemblies in Sect. 2.5.
Remanent magnetism of mound constituents
Now, subsurface magnetic rocks are known to create sufficiently intense magnetic anomalies (relative to predictions of the global model of the geomagnetic field ) used to track their location. As an example consider the rich iron ore province in the Pilbara region of Western Australia with a background ambient magnetic of about 55 µT , where a helicopter survey recorded high anomaly amplitudes of up to 120 µT , indicating the high percentage of iron ore composition (http://www.foxresources.com.au/documents/318.pdf ). Since field strength decreases rapidly with distance (∼ r −3 ) from the magnetic medium, the corresponding value on the rock surface is expected to be higher by fewfold orders of magnitude, thus overwhelming the contribution of the ambient geomagnetic field. Such high local field strength due to magnetic rocks, justify the magnetism of mound rocks as an important ingredient in the initial conditions leading to Life. Now thermo-remanent magnetization (TRM) of components would result from solidification of molten magmatic 'compass-like' elements, freezing in the geo-magnetic field direction, right during primary crust formation itself. For, using laser-heated ancient crystals of feldspar and quartz, Tarduno et al. (2007) estimated that the Earth's magnetic field was about half as strong 3.2 billion years ago as it is today, implying the formation of a rotating and convecting iron inner core, more than 3 billion years ago. Sediments may also have contributed, e.g. greigite itself (Posfai and DuninBorkowski 2006), retaining remanence upto 300-350
• C (Hu et al. 2002) . But considering levels of magnetization as offered by possibilities like TRM alone would be limited by the dependence of the initial magnetization upon the then effective geomagnetic field strength. For instance, the present geomagnetic field strength is too weak to explain the high NRM (natural remanent magnetization) to saturation isothermal remanent magnetization (SIRM) ratios of lodestones, natural magnets with magnetic field strengths varying upto 0.1 Tesla (see Magnetism and magnetic surveys, AG Education Services Ltd., www.sta.ie) that eventually led to lightning remnant magnetism as a plausible mechanism (Wasilewski and Kletetschka 1999). Indeed, the most important contribution to the crust was quite possibly thanks to the presence of accreted highly magnetized meteoritic matter, with acquired isothermal remanent magnetism. Recently, Túnyi et al. (2003) have examined the possibility of nebular lightnings as a source of impulse magnetic fields in the accretion of Earth and other planets, that is seen as rendering the gravitional accretion process more efficient, by magnetizing the ferromagnetic dust grains to their saturation levels. Thus the possible presence of ferromagnetic matter (metallic Fe, Ni, Co) due to vestiges of iron and iron-alloy containing meteorite bodies in the primitive Hadean crust, could have even provided a local magnetic field strength of the order of a Tesla. For in contrast to today's picture, conditions in the primitive crust were highly reducing with the redox state depicted at Fe-FeO (Wustite) Righter et al. 1997 ).
Directed force : thermo-magnetic convection (TMC)
A search for the energy minimized location, leading to surface-energy optimized phyllotactic patterns, is more effective via convective forces ( with added dissociative-cum-accretive effects), than by a simple translational motion; (see Sect. 1.3; Appendix-II). The importance of motional freedom for admitting long range order of dynamically organized elements is also seen in synthesized nano-scale assemblies: Non-directional forces or insufficient mobility during assembly were identified as reasons leading to amorphous or shortrange-ordered materials (Redl et al 2003) . As mentioned, aqueous greigite dispersion in the 'mound', with (stabilizing) negative charges, closely resemble aqueous ferrofluids. Imposing an external magnetic field on these isotropic media (in zero field) can line up the randomly oriented ferrofluid particles (magnetic domains), acting as tiny magnets. Hence we investigate the feasibility of TMC in this scenario. The magnetization vector M (magnetic moment per unit volume, A/m) of the bulk ferrofluid obeys the Langevin equation:
where φ is the volume fraction of magnetic particles in the ferrofluid; M sat is the bulk saturation magnetization of the particles; α is the Langevin parameter; a is the nanoparticle radius, H is the imposed magnetic field, k B the Boltzmann constant, and T the absolute temperature. The net magnetization of ferrofluids in an external magnetic (H) field that can help in convective heat transfer, depends upon it's temperature and H. The Kelvin body force (KBF) per unit volume, viz., f = (M.∇)B, is the force that a magnetic fluid experiences in a spatially nonuniform magnetic field, propelling it towards stronger H-fields. It's variation with a temperature-gradient results in a non uniform magnetic force acting upon the ferrofluid, giving rise to TMC (Finlayson 1970), which is a function of particle size, shape and structure. Ganguly et al (2004) have studied this form of convection using a square cavity (enclosure height h) with a temperature gradient ∆T due to the left-hand side vertical wall being maintained at a temperature of T h and the other vertical wall being at an isothermal heat sink at T c . The upper and lower walls were taken as adiabatic. The cavity was considered as infinity in the third dimension such that the flow developing inside it was two-dimensional -an effective two-dimensional external magnetic field was provided by a line dipole placed adjacent to the lower adiabatic wall halfway along the channel length at depth h/4 below its inner surface. The latter was used to approximate the field produced by a permanent magnet /electromagnet, held parallel to the channel wall. In Appendix IV, we have carried out a simple derivation of the average range of magnetic field over such a cavity of height h due to a symmetrically placed line dipole, on the basis of its 1/r 2 dependence, leading to the following result (see Eq A. 2 ) :
Hence to calculate the average H -field strength for a given cavity height, it is necessary to replace the factor < m/r 2 > by 6.113 × m/h 2 .
In a narrow temperature range, the magnetization vector M is approximately linear in T and H, when measured from its equilibrium value M * corresponding to T = T * and H = H * respectively. Now since M = χ m H, where only χ m varies slowly with T , substitution of this variation in the above formula for f , and some routine simplification, leads finally to a result of the form KBF = KBF I + KBF II where
In the absence of KBF 2 as in isothermal system, KBF = KBF 1 creates a static pressure field symmetric about the line dipole (here rock source of magnetism). In a non isothermal system the temperature dependence of the magnetic susceptibility alters the symmetry of the KBF. A ripple in temperature dependent KBF 2 term leads to imbalance in the main background term KBF 1 (magnetic pressure term even if temperature independent) that leads to TMC in a ferrofluid in such a cavity, under the H-field of a line-dipole. This has been correlated (Ganguly et al. 2004; Mukhopadhyaya et al. 2005 ) with a dimensionless magnetic Rayleigh number Ra m :
Here m the magnetic moment (in units of Am) per unit length of line dipole; ∆T the difference in temperature between left (hot) and right (cold) walls of cavity ; and h is the enclosure height and the rest of the factors are defined and their corresponding values listed in the Table. (Here effects of magnetocrystalline anisotropy, magnetoviscosity and magnetodissipation were neglected). TMC was simulated for the aqueous ferrofluid described in the Table, using Eq. 2.4 (an m/D 2 scaling was also seen; see Mukhopadhyaya et al 2005) . Two typical examples are : a) for the ferrofluid enclosed in a cavity height of 4cm with a gradient of 50K across, and a line dipole strength of 2.96 Am (giving < H >∼ 14 mT ; see Appendix IV), a Ra m value of 2.14 × 10 4 was obtained; b) for the same temperature difference but cavity height of 4mm, a line dipole strength of 2.96 Am (< H >∼ 1.4 T), an Ra m value of 2.14 × 10 6 was obtained. Further, the ratio of KBF 1 and KBF 2 was 3.8 × 10 2 for both these cases (also for all cases considered in their study, ratios were about 100 fold). Significantly, TMC in the range Ra m = 2 × 10 4 − 2 × 10 7 was as effective as the range 10 3 − 10 6 for the usual Rayleigh number (buoyant convection). Fluid compressibility/Thermal expansion coefficient (β ρ )
Fluid susceptibility at reference temperature 300K (χ m,0 ) 0.1
Feasibility of TMC in mound scenario
In the absence of data on greigite based ferrofluids, we look at magnetite-based ones for rough estimates. Now the saturation magnetization of magnetite (M s = 4.46 × 10 5 A/m) is about 3.5 times greater than that of greigite; from this one expects proportionate values for the fluid susceptibility of a corresponding greigite preparation. Next, the volume content of the aqueous dispersions of magnetite (10nm) is usually 2-3% (Rosensweig (1997); Ferrofluid database from German Ferrofluid Community Information Server). In the mound, a slow build up in local concentration of greigite across 1 cm colloidal barrier, upto ∼ 2% (0.05M taking molecular weight of F e 3 S 4 = 396), is within conservative limits, if one considers that apart from it's formation there would be interparticle dipole-dipole interactions plus screening effect due to ionic strength of natural waters (see also Phenrat et al 2007) . The other parameters are taken from the Table since these values ( for aqueous ferrofluid) would not change much for such dilute greigite-based suspensions.
The newly forming colloidal barrier containing super-paramagnetic greigite ∼ 1cm, would have acted as the corresponding 'cavity' (as described in the Ganguly et al set up) in the presence of an external magnetic field owing to magnetic rocks in the mound base, it's boundaries demarcated by the zero magnetic susceptibility of the immediately adjacent aqueous medium lacking the magnetically responsive particles. The temperature gradient across the thickness of this newly forming front (from hot mound interior to cool ocean outwards) corresponds to that in the set up of Ganguly et al (2004) (Sect. 2.2), where it forms an active dimension of the square cavity. Note that the essentially 2D nature of the geometry (third dimension linear in Ganguly et al; circular in the present case), allows this correspondence. As the thickness of the mixing front could be in the range ∼ mm to ∼ cm, we shall consider two cases, that of cavity height of 0.04m and 0.004m, individually. Extrapolating the above results (Sect. 2.2) of case a) to an < H > of almost double the value (∼ 30mT which requires m = 6.246 Am), keeping the other values same, Ra m works out to 1.0252 × 10 5 , a five-fold increase over the Ganguly et al value. Again, a corresponding extrapolation from case b) (using < H >∼ 300mT) also gives an almost identical value of Ra m at 1.0265 × 10
5 . So even with a 3.5 fold reduction in susceptibility, TMC would still be in the efficient range for H-fields of 30mT and 300mT for a thickness of 4cm and 4mm, respectively, of the mixing front; keeping in view that χ would only increase with molecular size of the clusters. Further, a temperature gradient of about 100K (c.f. 50K for Ganguly et al) could exist across the interface of the colloidal barrier; this factor would provide an extra two-fold enhancement in the Ra m values for both these extrapolated cases. An increased temperature gradient of 2-fold, means that the corresponding KBF 1 /KBF 2 ratios would be 1. (2004)).
Correlations in non-ideal ferrofluids
While magnetoviscous effects may be ignored for non-interacting particles, studies on real ferrofluids reveal marked rheological changes even in moderate fields ∼ 38mT, that cannot be explained on the basis of rotational viscosity due to the Brownian relaxation of large sized (hard) particle fraction, alone. Microscopic approaches assume internal structure formation due to interparticle interactions (non-ideal behaviour) leading to dense phases. The structure of soft ('molten') heterogenous aggregates (e.g. chain-like, drop-like) would depend on factors like the strength of the applied field, the nature of the ferrofluid (molecular shape, susceptibility) etc. They also obtained an expression for φ H or the particle volume fraction of the field-induced aggregates (particles located in 'aggregate-space' on the lines of a compressed gas) by considering its independent relations with the intensity of the applied field (via the Langevin parameter) and the particle volume fraction, plus boundary conditions. The proportionality coefficient γ (compression parameter) that goes to zero in the limit of a well-behaved ferrofluid (obeying Langevin function) turns out to be an intrinsic parameter of ferrofluids. It is related to the aggregation characteristics and appears to be dependent not only on the dipolar coupling constant λ = m 2 /4πd 3 µ 0 kT but also molecular properties preventing aggregation.
Framboid-like assemblies : Quasiperiodicity
In Sect. Keys and Glotzer (2007) show that quasicrystal growth is facilitated by structurally persistent atoms (icosahedral clusters in this case) that become kinetically trapped in the supercooled liquid; these are incorporated into the growing solid nucleus in a way that minimizes expensive rearrangements and eases propagation. In icosahedral materials, atomic clusters seen as recurring structural motifs, usually comprise nested polyhedra of several tens of metal atoms; the localized properties of these clusters do contribute towards some physical properties in unusual combinations. Some of these are given in Appendix-III, where we also note their strong analogies in bioprocesses. Recall that a quasicrystalline arrangement of biomolecules is believed to enable quantum coherent processes (Jibu et al 1994) . While the importance of order and crystal growth have been invoked earlier to understand a speculated transition from mineral forms of pre-life to life (Cairns-Smith 1982 ), we note that a quasiperiodic order is softer, with flexibility in it's ordering as compared to a rigid crystalline array. Aperiodic order (Schroedinger 1944 ) comes with extra degrees of freedom, and softer packing (due to defects, vacancies etc.) is better placed to accomodate collective moves, relative to close packed rigid layers (Roth and Gahler 1998); this could enhance the potential for quasiperiodicity vs crystalline order for generating ('computing') life-dynamics, as a dynamic order might have been an important pre-requisite leading to life (see also Davies 2003) . Besides, the known links between quasiperiodic phases and phyllotactic patterns (see above) might be highly relevant for insights into the observed icosahedral domain organization (reviewed in Ohfuji and Akai 2002, see Appendix I) in closed packed icosahedral greigite framboids, with a high degree of phyllotactic framboidal texture. These reveal a predominance of edge to edge contacts (Roberts and Turner 1993; Ohfuji and Akai 2002) with a lattice-like space filling arrangement (solely) in the connecting edges of the five trapezoidal domains, putting a limit to possible conduction pathways.
The possibility of an icosahedral shape of the framboid-like assemblies arises out of packing considerations on a spherical surface (see Sect. 1.7) that brings in geometrical frustrations. And geometric constraints do not rule out longrange magnetic order (see studies on icosahedral magnetic quasicrystals (Lifshitz 1998)). The scale-free icosahedral forms of framboidal greigite could be understood from a mathematical study where tesselation of spheres (number N; radius a) packed on the surface of a large sphere (radius R), showed that energy minimization would lead to buckling into icosahedral forms for smaller R/a as N ∼ (R/a) 2 ; for higher R/a values other factors become significant, and this correspondence cannot be assumed (arXiv:cond-mat/0311413v1). Also the nature of ordering would affect initial susceptibility characteristics, e.g. susceptibility of antiferromagnetic arrays would initially increase with temperature.
Fate of TMC ?
Further, internal structure formation in ferrofluids (see Sect. 2.4) leading to soft macro-ordered clusters, is relevant for understanding the dynamics of newly forming, non-ideal-ferrofluid-like (see Sect.1.6), greigite dispersion in the mound scenario. Although the external field strength due to rocks would not change, a wide range of cluster sizes can be expected for the greigite particles (Sect.1.1). So, on the lines of the Wang and Holm (2003) study (see above Sect.2.4), this polydispersity of the evolving suspension would similarly dictate the rheological properties of the barrier. The question of how far TMC could be sustained following structure formation (see Sect. 1.7), remains unresolved. Till further information is available, it would be logical to consider that the viscosity changes in the barrier due to installation of dissipatively ordered (via interplay of thermal and magnetic forces), magnetic assemblies of soft clusters -consistent with the proposed nucleation of membranes by FeS by Russell et al (see Sect. 1.2) and non-ideal ferrofluid-like behaviour (Sect.2.4) -would decrease the possibility of TMC. Nevertheless, the least one could expect from such a scenario is that the assemblies would be maintained away-fromequilibrium due to the f ight between the two forces: The magnetic -field due to mound rocks would try to harness the thermal flux by herding the superparamagnetic clusters together. The temperature gradient on the other hand would propel molecules across the gradient, in inverse proportion to size, and try to disrupt the assemblies by pushing tiny clusters through them. These in turn would be migrating through the I-CLs in an oriented manner due to magnetic dipole-dipole interactions : smaller clusters would thus become bigger-'cluster propagation' a la Cairns-Smith's (1982) 'crystal propagation'. As magnetic susceptibility of the clusters would be directly proportional to their size, the entire assembly would have a tendency to be propelled in the direction of the mound interior; here translational motion would be impeded by the viscosity of the medium but rotational effects could be possible.
Oriented transport of tiny clusters through I-CLs
The envisaged dynamical assemblies are embedded in the FeS-gel barrier, which as a first approximation demarcates a natural surface-limit for the ensuing processes. Embedded-ness offers protection, apart from benefits of the gradients, in the metabolite-enriched and shielded environment of the hydrothermal mound (Martin and Russell 2003) . As already noted in Sect.1.7, the picture of oriented-diffusion of tiny clusters through the (accessible surfaces) I-CLs of the away-from-equilibrium assemblies, has no direct experimental support, but a major defense for this 'speculation'/conjecture lies in it's remarkable similarity to biological phenomena. The feasibility of this scenario can be understood in terms of the following : a) The pathway of dissolution and oxidation for framboidal pyrite formation by replacing FeS forms ( (2007) have simulated the directional migration of molecules across a hydrothermal pore in response to a thermal gradient; and d) The directional migration of tiny clusters on a surface in response to a thermal gradient can be understood via ratchet-related studies. The above picture forms the basis of the following envisaged scenarios that are henceforth written as though they actually happened in this manner in the proposed Ancestor. Note that besides having catalytic properties, the I-CLs satisfy Schroedinger's vision (60 years ago) of aperiodic surfaces as efficient information-holders. This also implies that resistance to migration through I-CLs would have an asymmetric profile, with one direction offering (even marginally) greater ease of passage.
Self-replication a la Cairns-Smith; pre-molecular motors
In contrast to the growth of conventional crystals restricted to a growing surface, field-assisted alignment of diffusing tiny clusters, would occur both on cluster surfaces and I-CLs, thereby allowing access to topologically equivalent templates offered by smaller scale nested structures. Their consequent inflation into larger clusters resembles the 'self-pattern' conserving replication of biosystems. (This also matches the bigger scale phenomenon of growing FeS 'bubbles' (Russell et al. 1994) ). This could perhaps answer the subsequent diversity of modes biosystems use for copying information: nucleic acids follow a template basis for assembly, membranes grow by extension of existing ones, entire structures can duplicate (e.g. spindle pole body or the dividing cell as a whole), etc. (Harold 2005 ).
Next consider newly synthesized molecules in the 'mound' that would be ligated to tiny greigite clusters (Milner-White and . The direction of their diffusion gets dictated by the thermal gradient; the consequent interplay of thermal fluctuations with weak binding forces (Van der Waal's, magnetic (Wilkins and Barnes 1997)) lead to the propulsion of the loaded tiny clusters, aligned on the I-CL template (Fig.3) thereby generating primitive molecular motors. Here the ingredients leading to such envisaged ratchet effects in the proposed Ancestor, confined to the 'mound' comprise: 1) Aspects of the templates offered by I-CLs of the magnetic assemblies: a) the magnetically ordered I-CLs display/appear as, a locally varying magnetic potential to the aligning and migrating clusters (magnetic dipoles themselves, see Figure 3 ), b) their possible 'replacements' could be 2D surfaces or 1D filaments etc., and c) I-CLs have rich information potential (unlike strongly correlated elements on a periodic lattice); 2) Aspects of migrating clusters: a) show directed transport (thanks to temperature gradient), b) oriented binding to template (due to magnetic effects), and c) appear as a mobile element on surface(2D) /linear array (1D); 3) Brownian fluctuations of the environment: These are harnessed by this directed movement (see (2)). Energy absorption from surrounding heat bath leads to dissociation from Well 1, but the correct orientation for binding to Well 2 comes with help from random Brownian hits ( Fig. 3) . Thus different levels of binding are alternated by dissociation from the template, in cycles. 4) Aspects related to the temperature gradient across the 'mound' : a) The influx of thermal energy is partly translated into mechanical work, i.e. fuelling (size-dependent) transport of tiny clusters, and b) the asymmetry of the medium due to temperature gradient which defines the direction of motion. Recall that a 'thermal gradient' was proposed by Feynman to circumvent the idea of 'biased' Brownian motion (based on structural anisotropy alone) which, despite a right magnitude for driving nano-sized particles (Phillips and Quake 2006) is otherwise forbidden by the Second Law of Thermodynamics.
It is important also to take into account the changing complexity ('Replacements') of the dynamical assemblies (Ancestor), due to the constant influx of myriad ligated compounds, riding piggy-back on the migrating greigite clusters. Now decoupling from the mound (Sect.3.3) would have required an energy source (energy rich molecules) to replace the heat energy input (4a) for driving such directed migration and also search out new mechanisms for replacing the oriented and directed transport (2) with cycles of attachment-detachment (3, Fig.3 ), brought about via a combination of : magnetic effects (see in 1, 2, 3), Brownian noise (3), and the asymmetry due to the temperature gradient (4b) -features available, all for 'free', within the confines of the mound. Exit from the mound may have been facilitated by evolution of efficient oriented binding schemes using enhanced structural complexity of the 'Replacements', particularly pertaining to aspects 1b, 1c, 2b and 2c. For example, consider the evolving surfaces of the Ancestor (1b), with rich information potential (1c); the increased complexity of the 'replaced' surfaces may well have been entrained to guide the oriented and directed transport of the more complex 'substitutes' of the (original greigite-based) migrating clusters (2), say, using 'asymmetry-based' mechanisms (such as structural anisotropy for biasing motion) that were independent of 'mound' context, even as the 'Replacements' continued to harness the Brownian noise (3) as the Ancestor had done. Indeed, diffusing tiny (ligated) greigite units through I-CLs have a striking parallel to the directed movement of bio-molecular motors (in the translational, transcriptional, cytoskeletal assemblies) on aperiodic intracellular surfaces that indicate an invariant topological theme for a ratchet mechanism: Movement of a cargo loaded element on a template (representing a varying potential) that harvests thermal fluctuations for dissociating its bound state and spends energy for conformationally controlled directed binding, or an ionic gradient for direction [Astumian (1997) ]. Hence later, different energy-coupling schemes varying with contexts of energy requirement; and different biasing-schemes (such as energy-driven fluctuating anisotropic energetic potentials) for generating directed oriented transport independent of the 'parent mound' context, would have liberated the 'Replacements' (Sect. 3.3), and also led to the generation of a variety of molecular machines (including complex ratchets of today). Note that nano-scale motion can be driven by variety of forces, e.g. catalytic reactions can be used to generate chemical gradients that by suitable design can in turn be translated into anisotropic forces (Paxton et al 2006) .
The above picture does show a glimpse enroute to the possible generation of processive motors: 'processive action' (long association times of the motors, moving from one template unit to the next, in a directed manner) comes from directed diffusion of the tiny clusters, on the I-CL templates (with cycles of attachment and detachment due to magnetic interactions) defined by the temperature gradient. But it does not account for the generation of rotary motors that are operationally different. For instance, ATP synthase runs on energy from an electrochemical gradient (set up by electron driven ion pumps) for synthesizing nucleotides by converting the electromotive force into a rotary torque that is used to facilitate phosphate binding and enable release of synthesized ATP, a process that can also be reversed (Oster and Wang 1999 ) . Now the ionic-gradient-rich mound scenario is particularly well equipped to account for the emergence of the highly conserved ATPase family capable of harnessing chemiosmotic energy. Also, the requirements of direct chemiosmotic gradients in modern acetogenesis and methanogenesis, is seen as indicating their ancient origins in an alkaline vent on the Hadean ocean floor (initiated with geochemically generated reduced C1-compounds), providing an ionic gradient for driving them. The mound thus provides a logical setting for the installa-tion of mechanisms coupling metabolic reactions with chemiosmotic gradients (Martin et al 2008) . And as a logical extension of the above we add that such energy transduction i.e., coupling energy dissipation via an ionic gradient with a rotary torque is easier to envisage in the presence of a magnetic field (with an effective perpendicular component)-this would necessitate the emergence of small loops/circuits insulated to the immediate environment-ensuring the installation of such pathways before the Ancestor's exit from the mound.
Pre-RNA world; transfer reactions; optical polarity
It has been long recognized that much of the path sketched from prebiotic chemistry to the RNA world (a widely accepted hypothesis; see Orgel 2004) remains unchartered, and there seems to be a consensus on a scenario based on 'replacements' of simpler precursors (Spach 1984; Joyce 1987; Schwartz 1997; Eschenmoser 2004 ; also see Ferris 1993; Schwartz 1996) . Also for start points (see Shapiro 1999) , there are suggestions of autocatalytic reactions (Dyson 1985; Kauffman 1993 ) and self-replicating inorganic (Cairns-Smith 1982) or even a combination of organic and inorganic (Orgel 1986 ) systems. In the same vein, while negatively charged greigite clusters could have been natural precursors to later replacements, their magnetic assemblies forming in the mound context (as above) could have been simple replicating systems en-route to the hypothesized RNA-world. Indeed, recall that the latter was related to the mound scenario (Koonin and Martin 2005) in view of it's geological persuasiveness matching with potential solutions for the conceptual hatchery of Life . In the proposed RNA world, RNA played the roles of both DNA and protein -call them RNA-sequential and RNA-structural, respectively. Evidently, nature designed DNA for packaging information efficiently, satisfying Shannon's maximum entropy requirement (no correlations across sequences). This leads to the 'chicken-egg' conundrum, as the largely random sequential information encoded in DNA (neglecting structural signatures, e.g. regulation) is correlated via RNA with the high degree of stereo-chemical information in proteins. We suggest that RNA-sequential emerged to replace aperiodically varying I-CL templates hosting directed diffusion of loaded greigite clusters (see above). These very templates are envisaged as a primitive translational machinery, where Wächtershäuser's (1988) 'bucket brigade-like' transfer reactions were carried out by oriented greigite units playing the key adaptor roles a la transfer RNAs -the directed diffusion of the greigite end on an aperiodic surface with no correlations (RNA-sequential-like), with the other, ligated to compounds rich in structural information (synthesized in the mound or imported). This 'magnetic letters-like' scenario bears a striking resemblance to the tRNA's bringing the amino acids together for stringing them up on the basis of the sequential information inscribed in the mRNA template. Further, in the transfer reactions, the directional asymmetry of transport ( the directed passage of the tiny clusters through the asymmetric I-CLs would be guided by the pathway showing less resistance to their transit; see Sect. 3) may well have pushed the balance in favour of bond formation between juxtaposed activated units having the same chirality close to the ligand-binding site, further aided by the space constraints of such intra-layer activity, in tune with McBride and Tully proposal (2008) of a 'grinding start to life'. Thus, the optical activity of the first-bound unit -the symmetry-breaking choice -might have set the preferences for those of the subsequently selected units from the soup of chemicals waiting in the aqueous interiors of the 'Russell compartments' -leading to concentration of one optical isomer over its counterpart.
'Mound'-decoupling; origin of gradients, multicellularity ?
The cytoskeleton, at least in eukaryotes, is organized via transmitted internal or external spatial cues, reflecting the polar organization of the cell (Drubin 2000) . Now, the directed diffusion of synthesized products would lead to their gradients formed within the membrane-embedded, surface-limited structures. These gradients could have been coupled to nonequilibrium fluctuations via suitable far-from-equilibrium chemical reactions, e.g. magnetically sensitive reactions (Weaver et al. 2000) wherein orientation of reactants could influence reaction rates. Thus crucial pathways of the gradient-rich mound could have been replaced by such strategies, aiding the replicator's exit. Apart from amphipathic barriers for navigating outside the protective 'mound', energy rich molecules would need to take over the charge of pumping energy into the range of dissipative processes, outlined above, e.g. sustaining directed transport in the absence of a thermal gradient using energy-rich molecules would have generate primitive molecular motors. Independence from the mound in turn would require a progressively decreasing functional dependence on FeS (see Sect. 4). (Nevertheless, the continued presence of magnetic elements in the liberated, replicator (e.g. structural roles) would offer a magnetic basis for their association. A proposal on these lines, citing the multicellular life displayed by magnetotactic bacteria as a pathway for the evolution of a multicellular prokaryote, was also made recently (by Davila et al, Lunar Planet Sci XXXVIII (2007), p1495)). Martin and Russell (2003) envisage an initially confined universal ancestor that diverged into replicating systems, located separately on a single submarine seepage site, en route to proto-branches of life, e.g. different initial conditions in differently situated 'LUCA organic concentrates' (last universal common ancestor) would lead to independent schemes for lipid biosynthesis (Koonin and Martin 2005 ). (Anderson 1983) . Another association between the cytoskeletal network and percolation systems (Traverso 2005) , recalls the long-range connectivity of magnetism (e.g., magnetic percolation clusters forming fractal networks (Itoh et al. 2006) ). Again, the diamagnetic anisotropy of planar peptide bonds permits their oriented self-assembly in a magnetic field, seen for fibrous biostructures (Torbet and Ronziere 1984 plus ref). These magnetic-like bio-phenomena are seen here as 'distant cousins' of their 'non-living' counterparts, having evolved by replacing a magnetic Ancestor. Thus even quantum processing is viewed as a legacy and not a product of adaptive evolution (Doll and Finke 2003) . For, magnetic ordering may stem from unpaired p -electron systems (Ohldag et al. 2007 ) (not just 3d, 4f!). The 'substitutes', despite increasing complexity, would need to pass-on the legacy of multi-dimensional properties of the Ancestor possessed, especially phase information. Indeed, biomolecules have many facets at different levels , e.g. DNA has positional information, with possible phase signatures in it's helical structure (Kwon 2007) . Magnetic effects are invasive, altering the expected course of phenomena, but they can also act in an orthogonal non-interfering manner. It's control on spin states gives magnetism a handle for manipulation in biology -from chemical reactivity (due to spin-selectivity of reactions; see Buchachenko 2000) to quantum coherence (arXiv:0804.3503).
Biological searches: quantum search algorithms
Biological systems are intrinsically adaptive: A 'crisis' (e.g. a depleted nutrient) could push a system into a search, leading to a new pathway (node) for succour. Among prominent biological-search examples are biological evolution itself, with divergences symbolized by tree nodes ; the clonal Darwinian-like phase in the adaptive immune system; brain connections and protein folding (linked to heat-shock proteins occuring in all domains of life). In a classical search, the effect of conflicting forces on different components, plus contributions from environmental noise, can lead to frustrations in local minima. A quantum search on the other hand, requires quantum coherence in the set of elements on the active front (e.g., a molecule and/or concerned local/non-local neighbour parts); their wave-property enables them to 'step in phase' with one another to form a superposition of states and give a 'holistic' decision, leading to a more efficient search programme. Thus in the face of crises, halted networked interactions in a subsystem would prompt the formation of a 'quantum decision front' with the rest of the system plus environment, waiting as a 'composite environment'-it's fruitful interaction (a 'measurement' of the quantum front) with one chosen path would mean a simultaneous collapse of the quantum superposition of alternative paths (McFadden and Al-Khalili 1999). The newly created path would join up for propagating with other similarly born networked interactions, thus keeping the macroscopic classical system, awayfrom-equilibrium; due to feedback, this interactive phase would continue till the next challenge forced the system to seek help from the co-existing quantum domain. Now the two main questions are : 1) Does Nature employ quantum coherent processes ? 2) If so, how does it maintain coherence in its interactive mileu ? Today, apart from decoherence evasion mechanisms, e.g. "dynamical embededness" (Bieberich 2000; Hagan et al. 2002) , clear signatures of quantum processing in biology are coming in ( (Engel et al. 2007 ), aided by femtosecond laser-based 2D spectroscopy and coherent control approaches, showing how phase relationships in nano-structures modulate the course of bio-reactions (Nagya et al 2006) . It seems Nature has quietly been using these strategies all along. Using Grover's quantum search method for a marked item in an unsorted database, Patel (2001) hit upon the base-pairing logic of nucleic acids in transcription and translation as an excellent quantum search algorithma directed walk through a superposition of all possibilities -resulting in a 2-fold increase in sampling efficacy over its classical counterpart (which at best permits a random walk). Similarly, in a database of dimension d, a quantum search gives a square root speed-up over its classical counterpart -also valid for the respective nested versions (Cerf et al. 2000) . Quantum scaling laws (Davies 2004 ) seem relevant with nested searches for structured problems in fractal processes, e.g. protein folding (via different length scales).
Coherence: ferromagnetic-ferroelectric effects
Frohlich (1968, 1975) proposed the emergence of a long range coherent state via alignment of dipoles in cell membranes. Ordering of electric dipoles via interactions between structured water and the interior of microtubular cavities brings in a dynamic role of ferroelectricity as a frequency-dependent dielectricconstant (ω), which gives a big dispersive (non-dissipative) interaction (robust against thermal losses) for small values of ω (since the factor (ω) occurs in the denominator of the corresponding interaction) (Mavromatos et al 1998) . Apart from the importance of such coherent electric dipole ordering alignment of actin monomers prior to ATP-activation, Hatori et al (quantph/0104042) report the coherent alignment of magnetic dipoles induced along the filament, by the flow of protons released from ATP molecules during their hydrolysis (basically a Maxwell displacement current-like dynamical effect). Extrapolating backwards from these interesting present-day biological observations, it is natural to ask if both ferroelectric and ferromagnetic effects had co-operatively existed at the Ancestor level. But in contrast to the similar nature of magnetic ordering mechanisms conferring ferromagnetism via exchange interactions of predominantly localized magnetic moments, a variety of ferroelectric ordering mechanisms exist for different types of ferroelectrics, not all of which are well understood. In fact, in materials their co-existence can range from being mutually exclusive, such as due to incompatibility of d-electron criterion for magnetism with off-centering second-order Jahn-Teller effect, all the way to strongly coupled giant magneto-resistance effects (includes non-oxidic ferrimagnetic semi-conductor thiospinels F eCr 2 S 4 and F e 0.5 Cu 0.5 Cr 2 S 4 , that are F e 2+ and F e 3+ end members of solid solution F e 1−x C x Cr 2 S 4 (0 <, = x <, = 0.5) (Palmer and Greaves 1999)). While lattice distortions with lowered symmetry reduce competing interactions (Chern et al 2006 ; see also arXiv:cond-mat/0702362v1 ; arXiv:cond-mat/0402495v1 ), an insight into the loss of inversion symmetry comes via the spin-orbit coupling mechanism which gives the electric polarization P ( ∼ e × Q ) , where e is the spin rotation axis and Q is the wave vector of a spiral ) induced upon transition to a spiral spin-density-wave state triggered by magnetic frustrations (Mostovoy 2006) . Apart from the spin-orbit coupling factor, a reduction of crystal symmetry (Fd3m to non-centrosymmetric F43m) in several spinel compounds, including F eCr 2 S 4 was attributed to a displacement of cations (Mertinat et al 2005 , Charnock et al 1990 . Similar off-centering was also found in oxide spinels (Charnock et al 1990) , e.g. magnetite F e 3 O 4 (the inverse spinel greigite is it's sulphur analogue). Additionally, a combination of site-centred (extra holes or electrons on metal sublattice, e.g. F e 2+ and F e 3+ , where anions don't play a role) and bond-centred (the alternation of short and long bonds, in otherwise equivalent sites, lead to a bond-centered charge density wave) charge-ordering was suggested for explaining the multiferroic behavior of F e 3 O 4 below the Verwey transition at 120K (Khomskii 2004) .
Note that the composition of iron sulphide clusters found in enzymes, F e 5 N iS 8 , lie between F eN i 2 S 4 and F e 3 S 4 . Although a solid solution in this range has not been observed in synthetic dry condition, high temperature experiments, it has been observed in natural violarite (iron-nickel thiospinel) phases (Vaughan and Craig 1985) . More recently, the supergene oxidation of pentlandite ((F e, N i) 9 S 8 ) to violarite (includes extensions from F eN i 2 S 4 towards both F e 3 S 4 and N i 3 S 4 ), was experimentally reproduced under mild hydrothermal conditions (Tenailleau et al 2006) . Electron backscatter diffraction and backscattered electron imaging clearly showed a dissolution-reprecipitation transformation mechanism that was dependent upon a large number of solution parameters, including pH, oxidation/reduction potential, and speciation and concentration of sulphur, iron and nickel in solution. The reaction is promoted by acidic pH and high H 2 S(aq) concentrations. Further, assuming the oxidant as F e 3+ in reactions where it was added, they observed that the reaction was speeded up by higher F e 3+ and H 2 S concentrations; here acetate chelated cation was added which shows the similarity to the Russell mound scenario (see Sect. 1.1). These results show the feasibility of high iron/nickel ratios in violarite forming under reducing mound conditions, despite the suggested metastability of these compositions from bonding models. Iron is believed to occur as low spin F e 2+ in F eN i 2 S 4 that exhibits metallic, Pauli paramagnetic behaviour. In contrast, the Mossbauer spectrum of F e 3 S 4 is attributed to highspin F e 3+ in tetrahedral A and Octahedral B sites and it's electronic structure from molecular orbital calculations (Vaughan and Tossell 1981) reveal localized 3d electrons with unpaired spins, coupled anti-ferromagnetically at lower temperatures. According to Vaughan and Craig (1985) , the greater ionic character and larger number of electrons in antibonding orbitals in F e 3 S 4 relative to F eN i 2 S 4 , could contribute to the instability of intermediate compositions, despite their natural occurrence. They expect a transition from (metallic) delocalized to localized d-electron behaviour at some point in the series, noting such a transition in CuCr 2−x V x S 4 . Now, the co-operative co-existence of ferroelectric and ferro-magnetic properties in the above structural relatives of greigite -due to a subtle interplay between charge, spin, orbital and lattice degrees of freedom (Hemberger et al 2006) -raise the possibility of a similar profile for F e 3 S 4 or close relatives found in enzymes, e.g. F e 5 N iS 8 , for which no direct evidence is so far available. Note also the possibility of a (effective) lower local temperature due to magnetic ordering (see Sect. 4.3). In any case, either scenario-an independent co-existence in locally differing subspaces or co-existence in the same phase itself-in the Ancestor would only reinforce the coherent ( 'dispersive', non-dissipative) effects of ferromagnetism.
Quantum processing in dynamical assemblies
Significantly, Matsuno and Paton (2000) have shown that the gradual release of energy stored in ATP by actomyosin ATPase, in a sequence of quanta E m over time intervals (≈ 4.5 × 10 −9 sec), underlies the huge (∼ 2 × 10 6 ) discrepancy between the observed time interval of hydrolysis of 1 molecule of AT P ∼ 10 −2 sec , and that calculated via a singly emitted quantum, viz., ∼ 2×10 −15 sec, thus indicating about 2×10 6 number of coherent energy quanta released during one cycle, instead of a single one ! In Kelvin scale, each such energy quantum E m amounts to 1.6 × 10 −3 K associated with the actomyosin complex. This very low local effective temperature thus enables these molecular machines to act as heat engines for exploiting the thermodynamic gradient, taking average physiological temperature as 310K. This inspires us to propose the following mechanism in the Ancestor that would also explain the above as one arising from the evolutionary process.
Consider the oriented transport of a small cluster across an I-CL, as depicted in Figure 3 , due to the temperature gradient from the hot mound interior to the cooler ocean front, dictating the direction of transport in this awayfrom-equilibrium system. To the migrating particle (a dipole), the template (comprising aligned dipoles of the nano-assembly ) appears locally as a fluctuating potential. Here energy barriers correspond to the potential faced by the migrating cluster: when it's correctly aligned to the template-dipole it sees an energy minimum (system at Well 1, 2 etc) as the magnetic interaction energy is greatest ('barrier off'); when it is not aligned then the interaction energy can vary, depending upon it's relative orientation, upto a maximum system energy (Hump 1, 2 etc-corresponding to 'barrier on'). At the basin of Well 1, we consider that the particle is completely aligned and therefore effective temperature of system (particle plus template) is lower than that of the surrounding heat bath (local aqueous environment). So the system absorbs energy and with that the particle is positioned on the Hump 1, preceding basin of Well 2 (direction of work done in transport defined by the gradient). At this point the system is at the same temperature as the surrounding bath but now the particle has reduced or lost orientation. At this point the random brownian motion due to molecules of the aqueous medium in which the particle is suspended, will help it overcome this potential barrier as the random hits will rotate the particle in all directions till the correct one allows it to align the system to the basin of Well 2. Due to the temperature gradient the particle does work by migrating to consecutive positions, pumping heat from one basin as it dissipates the rest of the heat (remaining from work done), into the basin of the next one. Superimposed on this activity is the harvesting of Brownian fluctuations (thermal noise is a fluctuating forces averaging to zero over time) by this away-from-equilibrium system which lowers the effective temperature by orienting it to the template dipole. [Absorption of heat from Well 1 that is dissipated in going to Well 2 plus change of position (work done), keeps account of the total entropy which does not decrease. The low effective temperature due to reduction in entropy (on the lines of Li et al (2007) , see Sect. 2.4) is at the cost of the surroundings, so that the Second Law of Thermodynamics is not violated]. See the correspondence of this with present day motors where a gradual energy release by ATP serves the function of reducing effective temperature close to 0
• K (above). Now in contrast to an electron-like particle with two spin states (up and down), the dipole (thanks to help from brownian random hits) aligning to a template, needs to search a continuous set of orientations for achieving the right orientation w.r.t. the template. This offers the possibility of a 'continuous measurement' by the 'waiting partner' on the subsequent position on the template. For example, the template element corresponding to system at Well 2 would be observing the aligning dipole correponding to system at Hump 1. And the relative phase correlations of aligned template elements in turn are due to maintainance of long range order in the magnetic assemblies. Thus, the migrating dipole is like a quantum system from the microscopic realm being observed by an ensemble of ordered elements (template) acting as an observer from the macroscopic realm. [This Quantum Zeno scenario is satisfied for a small to moderate magnetic field vis-a-vis a realistic (e.g. due to viscosity effects etc.) interval of 'continuous' observations (see Gagen, Ph.D.Thesis, 'Quantum measurement theory and the Quantum Zeno effect', U of Queensland, 1993)]. We strongly suspect that the small increments (contributions to total energy for the transition e.g. from Hump 1 to Well 2) from these small Brownian hits (individual bits of quanta close to zero energy) are the analogue of the gradual energy release from ATP in evolved molecular motors -Quantum effects facilitated by the effective low temperature via Brownian forces in the same way.
A quantum coherent Ancestor
The characteristics of dynamically self-assembled nano-structures with bottomup complexity, formed by dissipating energy, depend on the constituent particle size, shape, hardness, composition (Min et al 2008) , apart from their sensitivity to (control by) external fields; this approach was used in generating systems with hierarchial complexity via an interplay of magnetic and hydrodynamic interactions (Grzybowski and Campbell 2004). Here, we have addressed the possibility of magnetic-field-controlled dissipative-self-assembly generating nested framboid-like dynamic order; note that hierarchial architecture is a key feature of living systems. Further, a gel state sustaining ordering of dipoles and a quasicrystalline packing are believed to be important ingredients for accessing quantum coherence in biological systems (Jibu et al 1994) . Here firstly, the envisaged framboid-like order of the gel-embedded assemblies should logically lead to limited pathways for electronic conduction, i.e. Fig. 3 . Oriented transport of tiny cluster (dipole) on I-CL : The x-axis represents a template comprising aligned elements 1,2,3,4 etc. of an intra-cluster layer of the dynamic assembly. The temperature gradient from the hot mound interior (T 1 ) to the cooler ocean front (T 2 ) dictates the direction of movement of the particle, for whom the template appears as a locally varying magnetic potential; the y-axis represents the energy of the combined system, i.e. particle plus template, where Wells and Humps represent energy minima and maxima respectively; see text only along the connecting edges perpendicular to the five-fold axes (see Sect. 2.5), thus providing zones locally shielded from dissipative effects. Secondly, apart from ordering of dipoles, the mechanism outlined above for the hypothesized clusters would enable coherent connections between the microscopic and macroscopic domains. The co-evolution of both realms, right from the origin of life, could underlie the coherent response of biosystems to fields, e.g. by chemical gradients -critical players in cell events (Harold 2005) . Indeed, Selvam (1998) proposed a coherence preservation mechanism via self-similar structures with quasicrystalline order as iterative principles -the main tools for handling non-linear dynamics of perturbations for evolving nested order that connect the microscopic and macroscopic realms with scale-free structures arising out of deterministic chaos. Such long-range spatio-temporal correlations (via a non-dimensional scale factor) are the hallmark of self-similarity, manifest as self-organized criticality in natural dynamical systems (Bak and Chen 1991). Here, the quantum mechanical 'spin' endows magnetism with a unique potential for coherently connecting the microscopic and macroscopic domains in the envisaged nested structures. The possible long range order (depending on frustration) in the dynamical assemblies would permit adaptive feedback within the network of interacting clusters, for harnessing the influx of thermal energy. Such a 'feedback-permitting' magnetic ancestor seems in line with Ling's (2001) description of biological structures as nested organizations based on coherent feedback through a lattice of self and non-self interactions of spatially oriented units. (For even intracellular water is structured: 'Sitedipoles' have been proposed for resolving the apparent contradiction between random molecular movements in and out of sites, and correlated orientations in assemblies, manifesting in coherent patterns (Higo et al. 2001) ). Recall some facets of magnetism in common with those of self-organizing systems : emergence of global order from local interactions, organizational closure, hierarchy, downward causation, distributed control underlying robustness, bifurcations via boundary conditions, non-linearity due to feedback, etc. (Heylighen 2001 ).
Conclusions and scope
Russell et al have argued that life's hatchery could have been busy by 3.8 Gyr, evolving fast enough for a branch to have reached the ocean surfaces by 3.5 Gyr, as evidenced by photosynthetic signatures. The gestation period of life had to have been less than the umbilical mound's delivery of the formative hydrothermal solution, i.e., certainly less than 3 million years, and probably less than 30,000 years (Früh-Green et al. 2003 ). This brings us to profound questions linked to the nature of life : (A) Is life only a classical self-organizing phenomenon? (B) Is it's complexity linked with the quantum domain, enabling efficient quantum searches ? It is the search for such a connection via local magnetic field effects that originally led us (arXiv:0710.0220v2 [cond-mat.soft]) to the mound scenario of Russell et al (1994) , due to the existence of magnetic rocks. For, the superparamagnetic nature of greigite, taken together with the proposed nucleation of the chimneys (Russell et al 1989) and dynamically packed nucleatingclusters where growth of individual nuclei into crystals can explain the fractal forms of framboids (Sawlowicz 1993 ), lead to an interesting possibility : A super-imposed magnetic ordering of these assemblies -'a magnetic jacket' -lends the resulting magnetically controlled dispersion of super-paramagnetic clusters (with direct relevance to structure formation in non-ideal ferrofluids (Li et al 2007) ) a much needed stability against (otherwise disruptive) thermal forces that could instead be harnessed. And the access to long range order via phyllotactic patterns comes from the feasibility of TMC in the mound scenario, arising from an interplay of thermal gradient (50K) and H-field (∼ 120 mT) acting on a dispersion (∼ 1cm across) of super-paramagnetic clusters.
Thus we stress that the presence of magnetic rocks in the mound, that could be represented by a surface magnetic field strength (say, in the range 0-500mT) in experimental simulations of the mound scenario, does need to be checked against possible magnetic structure formation in the colloidal barrier. (In Sect. 2.3 we have given an approximate correspondence between the mound scenario and the set up of Puri and coworkers investigating TMC). The other main aspect is that of the dispersity of newly forming greigite clusters whose size range would closely resemble that of the FeS dispersion (Fe 2 S 2 to Fe 150 S 150 ) (see Sect.1.1, Rickard and Morse 2005). Simulating their slow build up in the mound scenario, with poor sulphide availability, is not likely to be practicable to simulate experimentally. Instead, it could be a reasonable approximation to mimic the build-up, for fast-forwarding geo-time, by starting out with known (polydisperse) size ranges, and hence take into account the initial magnetic susceptibility of the different fractions (whose concentrations also would have to be varied). Further in this context, two aspects of the mound scenario -a colloidal environment and the presence of organics -are crucial for the design of a suitable experiment. For, the study by Manoharan et al (2003) , especially the framboid-specific findings of Sawlowicz (1993) , show the importance of general packing constraints for colloidal particles, independently of the material context (Sect. 1.7). As to the long known conspiracy of FeS clusters with organics (Sect 1), it can be seen that the latter, in simulated hydrothermal conditions (Russell et al 1994; Imai et al 1999) , play important roles in separate aspects of the dynamic assemblies conjectured here: 1) stabilize colloidal membranes (Russell et al 1994) ; 2) facilitate particulation mechanism in fractal framboid formation (Sawlowicz 1993 (Sawlowicz , 2000 ; 3) enable transformation to greigite in aqueous dispersed FeS, at the cost of pyrite formation (Rickard et al 2001) ; and 4) enable generation of metastable phases intermediate between F eN i 2 S 4 and F e 3 S 4 (similar to biological clusters), under mild hydrothermal mound-like conditions (Tenailleau et al 2006) . Hence, the inclusion of these two aspects is strongly indicated in experimental simulations. Now, the resulting dynamical ordering ('bottom-up assembly) of greigite clusters in turn comprises an interplay of attractive and repulsive interactions, making for a spectrum of possibilities -from ratchet effects to heralding in of quantum coherence -which can be explained via the migration of tiny clusters through I-CLs of framboid-like assemblies ; these ingredients can give important insights into molecular motors that seem to have evolved to effectively harness the fluctuations, in their noisy environment. For at the scale of 1 ; this scenario matches with the cumulative addition of energy bits from random hits of Brownian motion, till the 'right' orientation is achieved for aligning to the waiting template partner, with lowering of entropy.
Again, 'bucket brigade-like' transfer reactions (Wächtershäuser 1988 ) between tiny greigite clusters ligated to structurally rich compounds, as they migrate through the I-CLs in an oriented manner, could explain the evolution of the translational machinery. And optical polarity would arise by symmetry breaking due to the directional preference of migrating clusters, thanks to the 'grind-ing effect' (McBride and Tully 2008) brought about via space constraints of these transfer reactions occurring between the layers of the assemblies. In a gel-environment, magnetic interactions would give a semblance of 'bonds' and 'order' associated with the solid state, despite the inflow of thermal energy: in magnetically 'herded' arrays of small diffusing clusters, 'replacements' would continue to maintain the relative orientations of 'predecessors'. The Ancestor's exit from the mound into a weak (geo-) magnetic field would have required reduced dependence on multi-faceted iron sulphide phases; in addition to ferromagnetic properties, a possible role of ferroelectricity has been discussed (Sect. 4.2). The adaptive nature of biological systems and their fractal organization, press for a coherent conection between the apparently co-evolving classical and quantum domains -a physical basis for linking them at the very origins of life is given in this paper. To that end, this rudimentary study has freely drawn on the findings of a spectrum of scientists (see bibliography), necessitating more interdisciplinary efforts.
tary rocks more than 11,000 years old [Roberts and Turner (1993) ], where the central parts of the weakly magnetized framboids were found to have greigite microcrystals. Sections from these show that the pentagonal arrangement comprise a central pentagonal domain with its sides connected to five rectangular/trapezoid-like regions which are in turn connected via fanshaped domains. The arrangement pattern of these densely packed octahedral microcrystals linked edge to edge is 'lattice-like' (space filled) in the rectangular domains, whereas in the triangular domains the triangles are formed by the (111) faces of the octahedral microcrystals and the voids between them. Thus within these domains the individual faces of the microcrystals do not make any contact. The icosahedral form is seen as generated by stacking twenty tetrahedral sectors packed on three faces out of four, and connected by their apexes at the centre. Generally acknowledged as dynamically stable, this form is known to have six 5-fold axes at each apex, and ten 3-fold axes at each face, as can be seen in a number of naturally occuring structures from microclusters like fullerene to some viruses (Ohfuji and Akai 2002) . In an investigation of apparent biologically induced mineralization by symbiotically associating bacterial and archaeal species, framboidal greigites have been obtained from Black Sea sediments that are ordered clusters of octahedral crystals comprising 
Appendix II : Phyllotaxis
Phyllotaxis was first identified in plants: the numerical regularity with which rows of nearest neighbours in lattices of plant elements (leaves, scales, etc.) form two families of intersecting spirals, with right and left-handed threads called parastichies (Levitov 1991) , with their numbers as consecutive Fibonacci numbers (1, 1, 2, 3, 5, 8, 13, 21 , . . .). The divergence angle between consecutive primordia, is generally close to the 'golden angle' α = 360(5 − √ 5)/2 degrees. As pointed out by Hotton et al (2006) , two simple geometrical rules: 1) equivalent or nearly equivalent units are added in succession; 2) position of new units is determined by interactions with those already in place, underlie the crystal-like periodicity of myriad natural patterns. The self-organizing system of Douady and Couder (1996) captures some of these features, with the radial motion of ferrofluid drops mimicking phyllotactic growth -an optimized interplay of repulsive forces between the drops and their periodic introduction-demonstrating its success in applying the underlying physics as iterative principles. In fact, the repulsive interactions between sequentially arising/deposited elements in an energy minimized manner, and manifesting in mathematically precise phyllotaxis patterns are generic to countless phenomena from subnano to cosmological scales (Levitov 1991; Adler et al. 1997 ) : Repulsive magnetic dipoles, galactic structures, biostructures, from the molecular (proteins, DNA) to macroscopic levels (myriad marine forms), proportions in morphological and branching patterns (Dunlap 1997) , Benard convection cells, stress-driven self-assembly, bunched crystalline ion beams, atmospheric flows, and flux lattices in layered superconductors. Stressing on the underlying manifold, Nisoli et al ( arXiv:cond-mat/0702335v1) discuss the effect of repulsive interaction of magnetic dipoles on a cylindrical-not flat-space.
inter-layer spacing rule (Sharma et al 2004) , stable quasicrystal surfaces are a consequence of bulk truncations at positions where blocks of atomic layers are separated by larger interlayer spacings. Though so far studies have been mostly carried out on metallic alloy phases, more recently, studies on soft matter (Lifshitz and Diamant 2007) indicate that interwoven patterns characteristic of nested, self-similar, quasiperiodic structures can form on increasing scales of tiling edges: metallic alloy ( 0.5nm), chalcogenide ( 2nm), dendron ( 10nm), and star block copolymer ( 80nm) (Henley et al. 2005) . We note that properties of quasicrystalline order (based on faceted-phases of metal alloys) have analogies in bio-processes: allow diffusion and storage due to low friction coefficients; facile cleavage due to brittle nature; presence of metals in catalytic amounts; resistance against oxidation and wetting; low thermal conductivity; atypical electron transport, etc. 
Appendix IV : Derivation of average range of H-field
In this appendix, we outline a simple derivation of the average range of the magnetic field over a square cavity of height h due to a dipole placed symmetrically below the cavity at a distance of h/4, a la leading finally to the result (A2).
